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SUMMARY 

A wind- tunnel   inves t iga t ion  was made a t  free-stream Mach numbers  from 1.90 
t o  2.86 to   de t e rmine  the  e f f i cacy   o f   u s ing  a ram-air- j e t  s p o i l e r   r o l l   c o n t r o l  
device on a t y p i c a l   c a n a r d - c o n t r o l l e d  missile conf igu ra t ion .  For r o l l   c o n t r o l  
compar isons ,   convent iona l   a i le ron   cont ro ls  on the  t a i l  f i n s  were a l s o  tested. 

The r e s u l t s   i n d i c a t e  t h a t  the  r o l l   c o n t r o l  of t he  ram-air-jet s p o i l e r  t a i l  
f i n s  a t  the  highest  free-stream Mach number compared favorably  wi th  tha t  o f  the 
convent iona l   11-percent   a rea- ra t io  t a i l  f i n   a i l e r o n s ,  each deflected 100. The 
r o l l   c o n t r o l   o f  the t a i l  f i n   a i l e r o n s  decreased while t h a t  of  the ram-air-jet 
s p o i l e r   i n c r e a s e d  w i t h  free-stream Mach number. The add i t ion   o f  t h e  ram-air- 
j e t  s p o i l e r  t a i l  f i n s  or  flow-through t i p   c h o r d   n a c e l l e s  on the  t a i l  f i n s  
r e s u l t e d   i n   o n l y  small changes   i n  basic missile l o n g i t u d i n a l   s t a b i l i t y .  The 
a x i a l - f o r c e   c o e f f i c i e n t   o f  the ope ra t ing  ram-air-jet s p o i l e r  is s i g n i f i c a n t l y  
l a r g e r   t h a n  t h a t  o f   conven t iona l   a i l e rons  and r e s u l t s   p r i m a r i l y  from the  t o t a l  
pressure  behind a normal  shock i n   f r o n t   o f  the  n a c e l l e   i n l e t s .  

INTRODUCTION 

From 1955 t o  1960 the  NACA/NASA i n v e s t i g a t e d  a t  the L a n g l e y   p i l o t l e s s  
a i r c ra f t  research s t a t i o n  a t  Wal lops   I s land ,   Vi rg in ia ,  a number o f   r o l l   c o n t r o l  
devices  w i t h  p o t e n t i a l l y  low ac tua t ing   fo rce   ( t o rque )   r equ i r emen t s .  One of  t h e  
most e f f e c t i v e   o f  these was a j e t  f l a p  or  jet-free-stream i n t e r a c t i o n   d e v i c e  
which  used ram-air p r e s s u r e   f o r  t he  j e t  work ing   f l u id .  An exce l len t   account  
of  t h e  ram-air-jet s p o i l e r  research can be found i n   r e f e r e n c e s  1 t o  4 .  More 
r e c e n t l y ,   i n t e r e s t  has  been  renewed i n  the  ram-air-jet s p o i l e r  as a r o l l   c o n t r o l  
dev ice   t o   r educe  or compensate  for unwanted  induced r o l l i n g  moments t h a t  charac- 
t e r i ze   fo rward   con t ro l l ed  missile conf igura t ions .   Curren t   cursory   exper imenta l  
inves t iga t ions   have   demonst ra ted  the p o t e n t i a l   o f  these d e v i c e s   f o r   r o l l  con- 
t ro l   o f   maneuver ing   c ruc i form missiles. I n   a d d i t i o n ,  the  f e a s i b i l i t y   o f   i n t e r -  
f ac ing  a ram-air-jet spo i l e r   sys t em w i t h  an a l l  f l u i d i c - l o g i c   r o l l   c o n t r o l   s y s t e m  
has been i n v e s t i g a t e d .  (See refs. 5 and 6.) 

In   view  of  the  need t o  nega te   undes i r ab le   i nduced   ro l l i ng  moments of  canard- 
c o n t r o l l e d  missile conf igu ra t ions ,   an   expe r imen ta l   i nves t iga t ion  has been  con- 
ducted to  determine the  e f f i c a c y   o f   u s i n g  a ram-air-jet s p o i l e r   r o l l   c o n t r o l  
device  on a t y p i c a l   c a n a r d - c o n t r o l l e d  missile conf igu ra t ion .  The present   s tudy  
included model conf igu ra t ions  which represented  the  ram-air-jet s p o i l e r   d e v i c e s  
ope ra t ing  a t  ze ro  and maximum r o l l   c o n t r o l  as well as a comparison wi th  con- 
v e n t i o n a l   a i l e r o n   c o n t r o l s ,  a l l  a t  va r ious  missile maneuver ing   a t t i t udes .  

The tes ts  were conducted   in  t he  Langley  Unitary  Plan wind tunne l  a t  free- 
stream Mach numbers  from  1.90 t o   2 . 8 6 .  The nominal  angle-of-attack  range was 
-40 t o  280 a t  model r o l l  angles from -90° t o  1800 f o r  a Reynolds number o f  
6.6 X 106 per  m (2 .0  x 106 pe r  f t ) .  



SYMBOLS 

The aerodynamic  coeff ic ient  data are r e f e r r e d   t o   t h e   b o d y - a x i s   s y s t e m  
except   for  l i f t  and drag  which are referred t o  the s t a b i l i t y - a x i s   s y s t e m .  The 
moment r e fe rence  was l o c a t e d  a t  46.8 p e r c e n t   o f   t h e   r e f e r e n c e  body l eng th  a f t  
of the model  nose. 

Measurements  and c a l c u l a t i o n s  were made i n  U.S. Customary  Units.  Measure- 
ments are p r e s e n t e d   i n  the In te rna t iona l   Sys tem  of   Uni t s  (SI )  wi th   t he  equiva- 
l e n t   v a l u e s   g i v e n   p a r e n t h e t i c a l l y   i n  U.S. Customary  Units.  (See re f .  7 . )  

A 

Ae 

A i  

C A 

CA,b 

CD 

cD, b 

CL 

C1 

Cm 

CN 

Cn 

maximum c ross - sec t iona l  area of  body, 0.004560 m2 (0.049087 f t 2 )  

j e t - e x i t   s l o t  area, cm* ( i n 2 )  

c r o s s - s e c t i o n a l  area o f   i n l e t ,   1 . 2 9  cm2 (0.20 i n 2 )  

Axial f o r c e  
a x i a l - f o r c e   c o e f f i c i e n t ,  

9 2  

Base a x i a l   f o r c e  
base a x i a l - f o r c e   c o e f f i c i e n t ,  

qmA 
Drag 

drag c o e f f i c i e n t ,  - 
L A  

Base drag 
base drag c o e f f i c i e n t ,  

qCvA 
L i f t  

l i f t  c o e f f i c i e n t .  - 

Rol l ing  moment 
ro l l ing-moment   coef f ic ien t ,  

&Ad 

P i t ch ing  moment 
pi tching-moment   coeff ic ient ,  

QI$l 

Normal f o r c e  
normal - force   coef f ic ien t ,  

qmA 

Yawing moment 
yawing-moment c o e f f i c i e n t ,  

qccF 
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Side f o r c e  
s i d e - f o r c e   c o e f f i c i e n t ,  

qal* 

r e fe rence  diameter, 7.62 cm (3 .00   i n . )  

r e f e rence  body l e n g t h ,  107.493 cm ( 42.320 i n .  ) 

free-stream Mach number 

to ta l   p ressure   behind   normal   shock ,  Pa (Psfa)  

free-stream s ta t ic  p r e s s u r e ,  Pa ( p s f a )  

free-stream dynamic p res su re ,  Pa (ps fa )  

r a t i o   o f  t a i l  f i n   a i l e r o n  area t o   t o t a l   e x p o s e d  t a i l  f i n  area f o r  
one t a i l  f i n   s u r f a c e  

angle   o f  at tack, deg 

incrementa l   ro l l ing-moment   coef f ic ien t   due   to   cont ro ls  

r o l l - c o n t r o l   d e f l e c t i o n   o f   f o u r  t a i l  f i n   a i l e r o n s ,   p o s i t i v e   t o  
provide   c lockwise   ro ta t ion  as viewed  from rear,  deg 

model roll a n g l e   ( f o r  4 = 00, canards  and ta i ls  are i n   v e r t i c a l  
and h o r i z o n t a l   p l a n e s ) ,  deg 

APPARATUS AND TESTS 

Wind Tunne 1 

The i n v e s t i g a t i o n  was conducted   in  t h e  low Mach number t e s t  s e c t i o n   o f  t h e  
Langley  Unitary  Plan wind tunne l ,  which is a var iab le   p ressure ,   cont inuous   f low 
f a c i l i t y .  The test s e c t i o n  is approximately 2.13 m ( 7  f t )  long  and  1.22 m 
( 4  f t )  square. The asymmetr ic   s l id ing-b lock   nozz le   l ead ing   to  the test  s e c t i o n  
permits  a c o n t i n u o u s   v a r i a t i o n   i n  free-stream Mach number from  about 1.5  t o  2.9. 

Model Concept 

To s imula te  the concept   o f   an   opera t ing   cont ro l   sys tem,  the ram-air-jet 
s p o i l e r  t a i l  f i n   o p e r a t e d   i n  the fol lowing manner.  Free-stream a i r  is directed 
i n t o  each t a i l  f i n  plenum by a tip-mounted  normal-shock i n l e t  and is expe l l ed  
t h r o u g h   s l o t s  on  one side o n l y   n e a r   t h e   t r a i l i n g  edge o f  the f i n   i n  a d i r e c t i o n  
normal t o  the s u r f a c e .  The e x p e l l i n g  a i r  produces a j e t  f o r c e   ( t h r u s t )  which 
is magnif ied  several  times a t  supersonic   speeds ;  a t o t a l   c o n t r o l   f o r c e  (reac- 
t i o n )   r e s u l t s .  The aerodynamic j e t  i n t e r a c t i o n  is phys ica l ly  similar t o  a 
ramp-wedge or step-induced  boundary-layer  separation on a f la t  p l a t e  a t  super- 
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son ic   speeds .   Fo r   t he   p re sen t   i nves t iga t ion  the ram-air-jet s p o i l e r  t a i l  f i n s  
were u s e d   o n l y   t o   p r o d u c e   p o s i t i v e   r o l l i n g  moments. 'j 

I n   o r d e r   t o   e v a l u a t e   t h e  ram-air-jet s p o i l e r  as a roll c o n t r o l ,  a g e n e r a l  
r e sea rch  missile model was chosen as the  b a s i c  airframe. (See f ig .  l ( a )   f o r  
the d i m e n s i o n a l   d e t a i l s . )  The airframe is a cruc i form missile conf igu ra t ion  
c o n s i s t i n g   o f  a c y l i n d r i c a l  body wi th  a modif ied  ogive  nose,  a set of   canards ,  
and a f t  t a i l  f i n s  mounted in - l ine .  The canards   and   p la in  t a i l  f i n s   h a v e   t r a p -  
ezo ida l   p l an fo rms   w i th   beve led   l ead ing -   and   t r a i l i ng -edge   a i r fo i l   s ec t ions .  
For   the   major   por t ion   o f   these  tests, t h e  airframe had ram-air-jet s p o i l e r  t a i l  
f i n s   w i t h   t h e  same planform  geometry  and slab t h i c k n e s s  as t h e   p l a i n  t a i l  f i n s .  
(See f ig .  l ( b ) . )  Each ram-air-jet s p o i l e r   f i n  had tip-mounted  normal-shock 
i n l e t s   o f   o n e - s i x t h  body diameter d.  For t he  ope ra t ing  ram-air-jet s p o i l e r s ,  
s e v e r a l   r a t i o s   o f   e x i t  area t o   i n l e t  area were i n v e s t i g a t e d   f o r  each ram-air- 
j e t  s p o i l e r  t a i l  f i n   t o   p r o d u c e   p o s i t i v e   r o l l i n g  moments. ( S e e   t a b l e  I.) These 
r a t i o s  were o b t a i n e d   f r o m   a n   a r b i t r a r y   s e l e c t i o n   o f   d i f f e r e n t   e x i t  areas ( u s i n g  
i n t e r c h a n g e a b l e   s l o t t e d   c o v e r   p l a t e s )  combined wi th  a c o n s t a n t   i n l e t   c r o s s -  
s e c t i o n a l  area. I n   a d d i t i o n ,  a c losed  plenum e x i t   c o n f i g u r a t i o n  was tested. 

The tests were conducted   in  t he  following  sequence.  Four ram-air-jet 
s p o i l e r  t a i l  f i n s  were i n v e s t i g a t e d  ( f i g .  2 ( a ) )  t h a t  used the  most e f f e c t i v e  
roll c o n t r o l  area r a t i o s   f r o m   u n p u b l i s h e d   s i n g l e  ram-air-jet s p o i l e r   f i n  data. 
For roll con t ro l   compar i sons ,   p l a in  t a i l  f i n s  ( f i g .  2 ( b ) )  were tested wi th  
c o n v e n t i o n a l   t r a i l i n g - e d g e   a i l e r o n s  (Sa/Sexp z 11 p e r c e n t )   h a v i n g   a r b i t r a r y  
d e f l e c t i o n   a n g l e s   o f  Oo and loo.  F i n a l l y ,   i n   a n   a t t e m p t   t o   s i m u l a t e  the  concept 
of  a nonoperat ing ram-air-jet s p o i l e r   c o n t r o l  wi th  an   open   cont ro l   va lve ,   four  
t a i l  f i n s  with f low- th rough   t i p   cho rd   nace l l e s  were tes ted .   (See  f ig.  2 ( c ) .  ) 

There were small planform  geometry  differences  between the  operat ing  and 
nonoperating  (flow-through) ram-air-jet spoi le r   conf igura t ions .   For   example ,  
t h e   o p e r a t i n g  ram-air-jet s p o i l e r  has a n a c e l l e   b o a t t a i l ,  whereas the  flow- 
th rough   nace l l e   con f igu ra t ion   does   no t .  The f low-through  nacel le   due  to  i ts  
in l e t - ex i t   t ape r   geomet ry  has a s l i g h t l y  smaller i n l e t   d i a m e t e r   t h a n  the oper- 
a t i n g  ram-air-jet s p o i l e r   i n l e t .   ( S e e  f ig .  l ( b ) . )  The two test conf igu ra t ions  
are b e l i e v e d   t o   b e   a d e q u a t e   f o r   i l l u s t r a t i n g   g e n e r a l   t r e n d s   i n   l o n g i t u d i n a l   a n d  
l a t e ra l  aerodynamic characterist ics.  

Test Conditions 

Tests were performed a t  the  fo l lowing   tunnel   condi t ions :  

S tagnat ion   S tagnat ion  
. * . _. 

Free-stream 
Mach number 

Reynolds number p re s su re  temperature  
"" - - " .  - . . - .- 

K pe r   foo t  per  meter p s f a  kPa OF 
-__- 

I .go 2.0 x 106 6.6 x 106 1271 60.9 150 339 
2.16 

2.0 6.6 2056 98.4 150 339 2.86 
2.0 6.6 1612 77.2 150 339 2.40 
2.0 6.6 1430 68.5 150 339 

_ _ _ - - . .  .. - ~ " .. . . . 
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The dewpoint  temperature  measured a t  s t a g n a t i o n   p r e s s u r e  was maintained 
below 239 K (-30° F) t o   a s s u r e   n e g l i g i b l e   c o n d e n s a t i o n  effects .  All tests were 
per formed  wi th   boundary- layer   t rans i t ion   s t r ips   on   the  body 3.05 cm (1.20 i n . )  
a f t  of the  nose  and 1.02 cm (0 .40   i n . )  a f t  of   the  leading  edges  measured stream- 
wise on both sides of   the   canard  and t a i l  f i n   s u r f a c e s .  The t r a n s i t i o n   s t r i p s  
were approximately  0.157 cm (0.062 i n . )  wide and were composed o f  No. 50  sand 
g r a i n s   s p r i n k l e d   i n   a c r y l i c   p l a s t i c .  

Measurements  and  Corrections 

Aerodynamic f o r c e s  and moments on the  model were measured by means of a 
six-component electrical strain-gage  balance  which was housed  within  the  model.  
The balance was attached t o  a s t i n g   w h i c h ,   i n   t u r n ,  was r i g i d l y   f a s t e n e d   t o   t h e  
tunnel  support   system.  Balance-chamber  pressure (base p r e s s u r e )  was measured 
by means o f  a s i n g l e   s t a t i c - p r e s s u r e   o r i f i c e   l o c a t e d   i n   t h e   v i c i n i t y   o f   t h e  
balance.  No in te rna l   p ressure   measurements  were made i n   t h e  ram-air-jet s p o i l e r  
t a i l  f in   inlet-duct-plenum  system. The model balance  rol l ing-moment   coeff ic ient  
accuracy  varied  from  20.014  to k0.017. 

The angles   of  attack have  been  corrected  for   def lect ion of the balance 
and s t i n g  due to   aerodynamic  loads  and  tunnel-f low  misal inement .  The drag and 
a x i a l - f o r c e   c o e f f i c i e n t  data have  been  adjusted  to  free-stream c o n d i t i o n s   a c t i n g  
over  t h e  model base. Typical   values   of  base axial-force  and base drag c o e f f i -  
c i e n t s  are p r e s e n t e d   i n   f i g u r e  3. 

PRESENTATION OF RESULTS 

The r e s u l t s   o f  the i n v e s t i g a t i o n  are p resen ted   i n   t he   fo l lowing   f i gu res :  

Comparison o f  roll c o n t r o l   f o r   f o u r  ram-air-jet s p o i l e r  t a i l  

Summary o f   z e r o - l i f t  roll c o n t r o l   f o r   f o u r  ram-air-jet s p o i l e r  
f i n s  and f o u r   p l a i n  t a i l  f i n s   w i t h   t r a i l i n g - e d g e   a i l e r o n s  . . . .  
t a i l  f i n s  and f o u r   p l a i n  t a i l  f i n s   w i t h   t r a i l i n g - e d g e   a i l e r o n s .  

Effect o f   c lo sed  plenum e x i t  and  f low-through  nacel le   configurat ions 
a = o o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
on the  longi tudinal   aerodynamic characterist ics o f   t h e  model: 
@ = O O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
@ = 2 2 . 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
@ = 4 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effect of e x i t  area t o   i n l e t  area r a t i o s   f o r   r o l l   c o n t r o l  on t h e  
long i tud ina l   ae rodynamic   cha rac t e r i s t i c s   o f   t he  model w i th   fou r  
ram-air- j e t  s p o i l e r  t a i l  f i n s  : 
@ = O O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
@ = 2 2 . 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
@ = 4 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  

. .  

. .  

. .  . .  

. .  . .  . .  

Figure  
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Effect of   c losed  plenum  exi t   and  f low-through  nacel le   configurat ions i 
on t h e  lateral  aerodynamic characteristics 
$ = O O  . . . . . . . . . . . . . . . . . .  
4 = 22.50 . . . . . . . . . . . . . . . .  
$ = 4 5 0  . . . . . . . . . . . . . . . . .  

Effect o f   e x i t  area t o   i n l e t  area r a t i o s   f o r  
lateral  aerodynamic characteristics o f  t h e  
a i r -  jet  s p o i l e r  t a i l  f i n s :  
4 = 00 . . . . . . . . . . . . . . . . . . .  
$ = 22-50 . . . . . . . . . . . . . . . .  
6 = 4 5 0  . . . . . . . . . . . . . . . . .  

o f  the model : 
- 

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
r o l l   c o n t r o l  on t h e  
model wi th  f o u r  ram- 

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  
Sulhmary comparison of the t o t a l   a x i a l - f o r c e   c o e f f i c i e n t  characterist ics 

f o r  each r o l l   c o n t r o l   s y s t e m   o p e r a t i n g  and  not   operat ing . . . . . . .  
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DISCUSSION 

A comparison  of roll c o n t r o l   f o r  t h e  f o u r  ram-air-jet s p o i l e r  t a i l  f i n s  and 
the  f o u r   p l a i n  t a i l  f i n s  wi th  t r a i l i n g - e d g e   a i l e r o n s  is p r e s e n t e d   i n   f i g u r e   4 .  
The ram-air-jet s p o i l e r s  were tested w i t h  the  most e f f e c t i v e   r o l l - p r o d u c i n g  
e x i t  area t o   i n l e t  area r a t i o s  (e .g . ,  Ae/Ai = 0.75 and 1.00) obtained  from 
unpublished data o f  a s i n g l e  ram-air-jet s p o i l e r  t a i l  f i n .  Each o f  the f o u r  
p l a i n  t a i l  f i n s  had a n   a r b i t r a r y   a i l e r o n   d e f l e c t i o n   o f  IOo t o   r e p r e s e n t  a 
t y p i c a l   c o n v e n t i o n a l  roll c o n t r o l  on a canard-cont ro l led  missile. Incremental  
r o l l   v a l u e s  AC, were obtained by s u b t r a c t i n g  t h e  rol l ing-moment   coeff ic ients  
of  t he  r e spec t ive   base l ine   conf igu ra t ion   f rom t h e  to t a l   ro l l i ng -moment   coe f f i -  
c i e n t s   o f  each conf igu ra t ion .   (Typ ica l   base l ine   conf igu ra t ions :  Oo a i l e r o n  
deflected data f o r  t he  p l a i n   f i n   a n d  the  c losed  plenum e x i t  data f o r  t h e  ram- 
air-jet  s p o i l e r . )  Even though an e f f o r t  was made t o  make the plenum en t r ance  
(see f ig .  l ( b ) )  as large as p o s s i b l e   f o r  t h e  ram-air-jet s p o i l e r ,  while s t ay -  
i ng   w i th in  the s t r u c t u r a l  limits o f  the  f i n ,  some f low  r e s t r i c t ion   migh t   have  
occurred.  A s  a r e s u l t ,  t he  magnitudes  of AC, f o r   e x i t  area t o   i n l e t  area 
ra t io s   o f   0 .75   and  1.00 may not  be a t  t he i r  maximum p o t e n t i a l   v a l u e s .  Never- 
theless, f o r  the test angle   o f  at tack and  model @ a n g l e s ,  the data i n d i c a t e  
t h a t  the ram-air-jet s p o i l e r s  are e f f e c t i v e   r o l l - p r o d u c i n g   d e v i c e s  w i t h  e x i t  
area t o   i n l e t  area ra t io s   o f   0 .75   and  1.00. A t  M, = 1.90, the ram-air-jet 
s p o i l e r   r o l l   c o n t r o l  ( A e / A i  = 0.75) is about  ha l f  o f  that  developed by the 
p l a i n   f i n   c o n f i g u r a t i o n   t h r o u g h o u t  t he  c1 range .   Increas ing  the free-stream 
Mach number t o  2.86 leads t o  a greater roll c o n t r o l   f o r  the ram-air-jet s p o i l e r  
( A e / A i  = 0.75)   than   for  t he  p l a i n   f i n   c o n f i g u r a t i o n  up t o  moderate   angles   of  
at tack, with about  t he  same c o n t r o l  as the  p l a i n   f i n   c o n f i g u r a t i o n  a t  the 
higher angles  of at tack. F igure  5 p r e s e n t s  a summary compar ison   of   zero- l i f t  
r o l l   c o n t r o l  ACl between the ram-air-jet s p o i l e r   a n d  t a i l  f i n   a i l e r o n   c o n f i g -  
u r a t i o n s .   I n   g e n e r a l ,  t h e  r o l l   c o n t r o l  of t h e  l l - p e r c e n t   a r e a - r a t i o  t a i l  f i n  
a i l e r o n s ,  each deflected loo,  decreases while t h e  ram-air-jet s p o i l e r   r o l l  con- 
t r o l   i n c r e a s e s  w i t h  free-stream Mach number. 

The effect of   c losed  plenum  exi t  and  f low-through  nacelle  configurations 
on the  longi tudinal   aerodynamic characteristics o f  the model is p r e s e n t e d   i n  
f i g u r e s  6 t o  8 f o r   r o l l   a n g l e s   o f  O o ,  22 -50, and 4 5 O ,  r e s p e c t i v e l y .  The flow- 
through t i p  chord t a i l  f i n   n a c e l l e   c o n f i g u r a t i o n   s i m u l a t e d  the  concept   of  a 
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nonopera t ing  ram-air-jet s p o i l e r   c o n t r o l   w i t h  an open c o n t r o l   v a l v e .   S c h l i e r e n  
photographs  of   the  c losed plenum e x i t  and the  flow-through  nacelle  configura- 
t i o n s  are p r e s e n t e d   i n   f i g u r e   1 9 .   I n   g e n e r a l ,  w i th  the add i t ion   o f  ei ther the 
c losed  plenum e x i t  or t he  f low-through  nacel le  t a i l  f i n s ,   o n l y  small changes 
r e s u l t e d   i n  the  b a s i c  missile l o n g i t u d i n a l   s t a b i l i t y  (a 00). The p i t ch ing -  
moment c o e f f i c i e n t s  were more negat ive  a t  the higher ang le s   o f  attack f o r   b o t h  
conf igu ra t ions ,   w i th  the f low- through  nace l le   genera l ly   having   the  most nega t ive  
va lues .  There was about  a 7 - p e r c e n t   i n c r e a s e   i n  t he  a x i a l - f o r c e   c o e f f i c i e n t  a t  
M, 1.90 wi th  the a d d i t i o n   o f  the f low-through  nacel les .  This  i n c r e a s e  was 
reduced   t o  4 percent  a t  the  higher free-stream Mach numbers. The closed  plenum 
e x i t   c o n f i g u r a t i o n  has a s i g n i f i c a n t   i n c r e a s e   i n  the a x i a l - f o r c e   c o e f f i c i e n t  
over  tha t  of  t he  p l a i n  t a i l  conf igu ra t ion .  This increase   var ied   f rom  about  
21 percent  a t  M, = 1 - 9 0   t o  28 percent  a t  M, = 2.86. 

The effect  o f   e x i t  area t o   i n l e t  area r a t i o s   f o r  roll c o n t r o l  m the longi -  
tudinal   aerodynamic characteristics of  the model wi th  ram-air-jet s p o i l e r  t a i l  
f i n s  is p r e s e n t e d   i n   f i g u r e s  9 t o  11 f o r  r o l l  a n g l e s   o f  Oo, 22.5O,  and 45O, 
r e s p e c t i v e l y .  The e x i t  area t o   i n l e t  area r a t i o  had l i t t l e  effect  on the  model 
longi tudinal   aerodynamic characterist ics.  The c o n f i g u r a t i o n   f o r  A e / A i  1.00 
had t h e  largest a x i a l - f o r c e   c o e f f i c i e n t s  a t  the  higher ang le s   o f  at tack. 

The effect  of   c losed  plenum e x i t  and  f low-through  nacelle  configurations 
on t h e  la teral  aerodynamic characterist ics of  the  model is p r e s e n t e d   i n  f ig-  
u r e s   1 2   t o  14  f o r  r o l l  ang le s   o f  O o ,  22.5O,  and 4 5 O ,  r e s p e c t i v e l y .  These data 
i n d i c a t e  t h a t  the add i t ion   o f  either c losed  plenum e x i t  or f low-through  nacel le  
t a i l  f i n s   g e n e r a l l y   p r o d u c e s  a more negat ive  rol l ing-moment   coeff ic ient  wi th  
a n g l e   o f  a t tack.  Both configurat ions  produce their  most negative  rolling-moment 
c o e f f i c i e n t s  with angle   o f  attack a t  a model r o l l  angle   of   22.50 where the model 
rol l ing-moment   coeff ic ients   have the i r  la rges t   magni tudes   and   nonl inear i t ies  
due to   asymmetr ic   rol l - induced effects.  

The effect  o f   e x i t  area t o   i n l e t  area r a t i o s   f o r  roll c o n t r o l  on the 
la te ra l  aerodynamic characterist ics of t h e  model with ram-air-jet s p o i l e r  t a i l  
f i n s  is p r e s e n t e d   i n   f i g u r e s  15 t o  17 f o r  r o l l  angles   of  00, 22.50,  and  450, 
r e s p e c t i v e l y .   I n   g e n e r a l ,  the  roll c o n t r o l   o f  t h e  model c o n f i g u r a t i o n   f o r  
A e / A i  = 0.75 was accompanied by a small amount of   p roverse  yaw (except  a t  

= 450 f o r  the lower free-stream Mach numbers) a t  t he  higher ang le s   o f  
a t tack,  whereas the conf igu ra t ion   fo r  A e / A i  = 1.00 had adverse yaw w i t h  its 
roll c o n t r o l .  

A review  of t h e  longi tudinal   aerodynamic characteristics shown i n  f ig- 
u r e s  6 t o  11 shows tha t  t h e  ram-air-jet s p o i l e r   c o n f i g u r a t i o n s  are accom- 
panied by ax ia l - fo rce   pena l t i e s .   The re fo re ,  it may be o f   i n t e r e s t   t o  show the  
a x i a l - f o r c e   c o e f f i c i e n t   p e n a l t y   o f  each roll cont ro l   sys tem  opera t ing ;   a l though 
f o r   s h o r t - r a n g e   a p p l i c a t i o n s ,   a x i a l   f o r c e  is usual ly   of   secondary  importance 
compared with o t h e r   c o n t r o l  characteristics. A summary comparison  of t he  t o t a l  
a x i a l - f o r c e   c o e f f i c i e n t  characteristics f o r  each roll cont ro l   sys tem  opera t ing  
and not   opera t ing  is shown i n   f i g u r e  18. These data show tha t  t he  ram-air-jet 
s p o i l e r  has t h e  d i s a d v a n t a g e   o f   s i g n i f i c a n t l y  larger a x i a l - f o r c e   c o e f f i c i e n t s  
compared t o  t he  p l a i n   f i n   c o n f i g u r a t i o n .  When comparing t h e  closed  plenum  exi t  
c o n f i g u r a t i o n   t o  t h a t  o f  t h e  conf igu ra t ion   fo r  A e / A i  = 0.75, o n l y   n e g l i g i b l e  
d i f f e r e n c e s   i n   t o t a l   a x i a l - f o r c e   c o e f f i c i e n t s  are observed. The a x i a l - f o r c e  
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coeff ic ient   increment   between the  f low-through  nacel le  and the  open or c losed  
plenum exi t  c o n f i g u r a t i o n s  is a b o u t   e q u a l   t o  t h e  p r e s s u r e  rise genera ted  by t h e  
normal  shock i n   f r o n t   o f  the ram-air-jet s p o i l e r   i n l e t s .  For example, by sub- 

4 A i ( ~ t , 2  - P,) 
s t i t u t i n g   i n   t h e   e x p r e s s i o n  the free-stream tunne l   cond i t ions  

%aA 
f o r  free-stream Mach numbers  of  1.90  and  2.86,  respectively,  one  can  compute 
coeff ic ient   values   of   0 .182  and  0 .194 which approximate t he  ax ia l - force   coef -  
f ic ien t   increment   be tween the  f low-through  nacel le  and the  c losed  plenum e x i t  
con f igu ra t ions  shown i n   f i g u r e  18. Therefore ,  it can be concluded tha t  t h e  
a x i a l - f o r c e   c o e f f i c i e n t   p e n a l t y   i n c r e m e n t   a s s o c i a t e d  with the  inlet-duct-plenum 
manifolds  (e.g. ,  an o p e r a t i n g  ram-air-jet s p o i l e r )   r e s u l t s   p r i m a r i l y  from t h e  
t o t a l   p r e s s u r e   b e h i n d  a normal  shock i n   f r o n t   o f  each n a c e l l e   i n l e t .  

CONCLUSIONS 

A wind- tunnel   inves t iga t ion  was made a t  free-stream Mach numbers  from 
1.90 t o  2.86 t o   d e t e r m i n e  t h e  e f f i c a c y   o f   u s i n g  a ram-jet s p o i l e r  roll c o n t r o l  
device  on a t y p i c a l   c a n a r d - c o n t r o l l e d  missile c o n f i g u r a t i o n .   F o r   r o l l   c o n t r o l  
compar isons ,   convent iona l   a i le ron   cont ro ls  on the t a i l  f i n s  were a l s o  tested. 
The r e s u l t s   o f  the i n v e s t i g a t i o n  are as fol lows:  

1 .  The r o l l   c o n t r o l   o f  t h e  ram-air-jet s p o i l e r  t a i l  f i n s  a t  the h ighes t  
free-stream Mach number compared favorably  w i t h  t h a t  of  conventional  11-percent 
a r e a - r a t i o  t a i l  f i n   a i l e r o n s ,  each deflected loo. The roll con t ro l   o f  t he  t a i l  
f i n   a i l e r o n s  decreased while that  of t h e  ram-air-jet s p o i l e r   i n c r e a s e d  w i t h  
free-stream Mach number. 

2. The a d d i t i o n   o f  ram-air-jet s p o i l e r  t a i l  f i n s  or  flow-through t i p   c h o r d  
n a c e l l e s  on t h e  t a i l  f i n s   r e s u l t e d   i n   o n l y  small changes i n  basic missile long i -  
t u d i n a l  s t a b i l i t y .  

3. The a x i a l - f o r c e   c o e f f i c i e n t   o f  the  ope ra t ing  ram-air-jet s p o i l e r  t a i l  
f i n s  is s i g n i f i c a n t l y  larger than t h a t  o f  t h e  p l a i n  t a i l  f i n s  w i t h  convent iona l  
a i l e r o n s  and r e s u l t s   p r i m a r i l y  from t h e  t o t a l   p r e s s u r e   b e h i n d  a normal  shock 
i n   f r o n t   o f  t h e  n a c e l l e   i n l e t s .  

Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
January  16,  1978 
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TABLE I.- RAM-AIR-JET SPOILER TAIL FIN INLET-PLENUM 

CONSTANTS. PER FIN 

I n l e t  area. A i .  cm2 ( i n2 )  . . . . . . . . . . . . . . . . . . . .  1 . 29 (0.20 ) 
Plenum ent rance  area. em2 ( i d )  . . . . . . . . . . . . . . . . .  1.74  (0.27) 

A e / A i  = 0.75, A,. em2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.97 (0.15) 
Nozzle  block . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  None 

A e / A i  = 1 .OO. A,. cm2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  1.29 (0.20) 
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Figure 1.- Model  details. All dimensions  are  in  cm (in.) unless  otherwise  indicated. 
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Figure 1.- Concluded. 



( a )  Four ram-air-jet s p o i l e r  t a i l  f in s .  

Figure 2.- Model photographs. 



( b )  Four plain tail fins each with trailing-edge ailerons. L-76 -4905 

Figure 2.- Continued. 



( c )  Four flow-through t a i l  f i n  t i p  chord  nacelles.  

Figure 2.- Concluded. 
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Figure 3.- Typ ica l   va r i a t ion  of CA,b and C D , ~  with angle  of a t t a c k .  
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F igure  4.- Comparison of r o l l  c o n t r o l  for f o u r  ram-jet s p o i l e r  t a i l  
f i n s  and f o u r   p l a i n  tail f i n s  with t r a i l i n g - e d g e   a i l e r o n s .  
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Figure 4 .  - Continued. 
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Figure 4 .  - Continued. 
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Figure  5.- Summary o f   z e r o - l i f t   r o l l   c o n t r o l   f o r   f o u r  
ram-air-jet s p o i l e r  t a i l  f i n s  and f o u r   p l a i n  t a i l  
f i n s   w i t h   t r a i l i n g - e d g e   a i l e r o n .  c1 = Oo. 
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Figure 7.- Effect  of  closed  plenum exit and flow-through  nacelle  configu- 
rations on longitudinal  aerodynamic  characteristics  of model. $I = 22.5O. 
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Figure 8.- Continued. 
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Figure 9.- Effect o f   e x i t  area t o   i n l e t  area r a t i o s   f o r  roll 
c o n t r o l  on the  l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s  
o f  model with f o u r  ram-air-jet s p o i l e r  t a i l  f i n s .  @ = 00. 
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Figure 10.- Effect o f   e x i t  area to i n l e t  area r a t i o s  for roll 
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Figure  10. - Continued. 
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F igure  10. - Continued. 
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Figure 1 1  .- Effect o f   e x i t  area t o   i n l e t  area r a t i o s   f o r  roll 
c o n t r o l  on l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s  of 
model w i t h  fou r   r am-a i r - j e t   spo i l e r  tail f i n s .  @ = 450. 
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Figure 12.- Effect of closed  plenum  exit and flow-through  nacelle  configu- 
rations  on  lateral  aerodynamic  characteristics of model. 4 = Oo.  
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( b )  M, = 2.16. 

Figure  12. - Continued. 
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Figure 12. - Continued. 
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( a )  M,,, = 1.90. 

' igure  13.- Effec t   o f   c lo sed  plenum e x i t  and  f low-through  nacelle  configu- 
r a t i o n s  on la teral  ae rodynamic   cha rac t e r i s t i c s  of model. @ = 22.5O. 
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( a )  M, = 1.90. 

Figure 14.-  E f fec t   o f   c lo sed  plenum e x i t  and  f low-through  nacelle  configu- 
r a t i o n s  on la te ra l  aerodynamic character is t ics  of  model. @ = 4 5 O .  
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Figure 14. - Continued. 
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(a )  M, = 1.90. 

Figure 15.- Effect o f  e x i t  area t o   i n l e t  area r a t i o s   f o r  r o l l  
c o n t r o l  on la teral  a e r o d y n a m i c   c h a r a c t e r i s t i c s  of  model 
with  four  ram-jet s p o i l e r  t a i l  f i n s .  4 = O o .  

! 

82 



.6 

. 4  

cr . 2  

0 

- :2 

2 

0. 

- 2  

- 4  

2 

! 

Figure 15. - Continued . 

I 



( c >  M, = 2.40. 

Figure 15. - Continued. 
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Figure  16.-  Effect o f   e x i t  area t o  i n l e t  area r a t i o s   f o r  r o l l  
c o n t r o l  on l a t e ra l  aerodynamic characterist ics o f  model 
with f o u r  ram-air-jet s p o i l e r  t a i l  f i n s .  @ = 22.5'. 
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Figure 16.- Continued. 
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Figure  16.- Continued. 
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Figure 17.- Effect of e x i t  area t o   i n l e t  area r a t i o s   f o r   r o l l  
c o n t r o l  on la teral  aerodynamic characteristics of model 
w i t h  f o u r  ram-air-jet s p o i l e r  t a i l  f i n s .  @ = 45O.  
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(a> Closed  plenum e x i t .  

F i g u r e  19.  - S c h l i e r e n   p h o t o g r a p h s  o f  model. 
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Figure  19.  - Continued. 
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